A 56-day trial to evaluate the performance, carcass characteristics and meat physico-chemical properties of broiler birds fed graded inclusion of supplemental ascorbic acid (AA) was undertaken using 270 one-day old Arbor acre broiler chicks. Basal starter and finishers diets (T1) contained 0% AA (control); while diets T2, T3, T4, T5 and T6 were supplemented with 0.1, 0.2, 0.3, 0.4 and 0.5% AA respectively. Performance data indicated similar (p>0.05) daily and total feed intake by birds. Feed conversion ratio (3.04, 2.86, 2.85, 2.74, 2.77and 2.69 for birds on diets T1, T2, T3, T4, T5 and T6 respectively) were also similar (p>0.05). However weight gain and final body weight were significantly higher (p<0.05) for birds on AA supplementation compared with control. Correlation of graded AA inclusion and weight gain of chickens was positive (r=0.50) and significant (p<0.05). Regression of weight gain (kg) on graded AA supplementation indicated (R 2 =0.2531) a minimum of 1.67ppm dietary AA requirement for growth. Abdominal fat, eviscerated weight as well as weight of heart varied significantly (p<0.05). Other carcass characteristics, organ indices and meat physico-chemical indices were not significantly different (p>0.05). Supplemental dietary AA was implicated in growth and improved color of broiler meat in this study.
INTRODUCTION
Commercial broilers are economic agricultural field production units in which the objective is to maximize field performance (Lohakare et al., 2005) . The main intention of modern poultry nutrition is to fully utilize the genetic potential of birds by producing complete diets covering all known nutrient requirements according to the species, egg, production category and performance level.
The stress of high ambient temperature in the tropics may negatively influence the performance of broiler chickens by reducing feed intake, live weight gain and feed efficiency. Environmental stress causes oxidative stress and impairs antioxidants status in vivo (Halliwell and Gutteridge, 1989; Klasin, 1998; .
Several methods to alleviate the negative effects of high environmental temperature on performance of poultry have been documented Lohakare et al., 2005; Majekodunmi et al., 2012; Ogunwole et al., 2013) . Studies (Kafri and Cherry, 1984; Njoku, 1986; McDowell, 1989; Mowat, 1994; Sahin et al., 2003) have shown that antioxidant nutrient supplementation, especially vitamin C, E, and A, zinc and chromium, can be used to mitigate the negative effects of environmental stress.
Though, chickens can synthesis vitamin C, the synthesis was reported to be inadequate under stressful conditions such as low or high environmental temperature, high humidity, high production rate and parasite infestation (Sykes, 1978; McDowell, 1989) .
Previous reports have revealed the beneficial effect of vitamin C supplementation on growth rate, egg production, egg shell strength and thickness in stressed laying hens and broilers (Sykes, 1978; Pardue and Thaxton, 1986; ). However, the full practical relevance and actual level of supplementation remained a subject of extensive discourse . The present study was undertaken to evaluate the performance, carcass characteristics and meat physico-chemical properties of broiler chickens fed graded dietary supplement of AA.
MATERIALS AND METHODS
Two hundred and seventy, 1 -day old Arbor acre broiler chicks, of average weight 41.54 ± 2.23g) were assigned to six treatments consisting of 45 birds per treatment. Each treatment comprised a triplicate of 15 birds each. The dietary vitamin C levels were 0, 100, 200, 300, 400 and 500ppm respectively. Formulated basal starter and finishers' diets composition is shown in Table 1 . Recorded environmental temperature in the experimental period ranged from 28 to 30 0 C. Birds were served their respective diets with water offered ad libitum.
Other routine medications and vaccinations for broiler chicks were observed (Oluyemi and Roberts, 2000) Body weight and feed intake were recorded weekly and the feed efficiency was calculated. At day 56, two birds per treatment with average weight closest to the mean of their group weight were purposively selected, tagged, starved of feed overnight and slaughtered. The final weight of birds, bled, defeathered, carcass and eviscerated weights were recorded. They were scalded manually and carefully dissected. The external offal (head, neck and shank); primal cuts (wings, breast, back, thigh and drumstick); and internal offal (liver, heart, abdominal fat, spleen and intestine) were weighed and the weights related to the live weight. Thermal shortening of the prima cuts were determined (Awonrin and Ayoade, 1992) . Cooking and chilling losses were according to Mahendraker et al. (1988) . Water holding capacity was by the procedure of Suzuki et al. (1991) . Meat sensory evaluation was undertaken (Omojola and Adesehinwa, 2007) . Meat samples for proximate determination were obtained via removal of 20g from each of the primal cuts (thigh, breast and drumstick) which were then homogenized and ovendried. Proximate composition of meat in duplicate (Horwitz, 1990) was determined according to AOAC (1990) . Carcass and meat pH were obtained with the use of pH meter by a direct probe and thrusting into the breast muscle. The design of the experiment was a completely randomized design. 22.94 19.5 ME (kcal/kg) 3147 3145 ME -Metabolizable Energy; DCP -Dicalcium Phosphate; Premix* -Vitamin A-10,000,000iu, Vitamin D3-2,000iu, Vitamin E-40,000mg, Vitamin K-2,000mg, Vitamin B1-1,500mg, Vitamin 000mg, 000mg, 000mg, 000mg, 000mg, 000mg, 000mg, 000mg, 000mg, 000mg, , Antioxidant-100,000mg.
Statistical analysis: Data collected were subjected to analysis of variance (Assistat, 2012) and the means when significant were separated using Duncan Multiple Range Test of the same statistical package.
RESULTS AND DISCUSSION
Performance indices of broiler chickens fed graded dietary ascorbic acid (AA) are shown in Table 2 . The final weights (kg) of birds' (1.66, 1.78, 1.75, 1.89, 1.90 and 1.79 for birds on T1, T2, T3, T4, T5 and T6 respectively) were significantly different (p<0.05). Weight gained (kg) by the respective birds on T1, T2, T3, T4, T5 and T6 on were 1.62, 1.74, 1.71, 1.85, 1.86, 1.75 which also varied significantly (p<0.05). Final weight and weight gained by broilers fed 100, 200 and 600ppm supplemental AA were similar (p>0.05) to those on control but lower (p<0.05) compared to those on other supplemental levels. The lower final weight and weight gained by birds on control diet suggested that endogenous synthesis of AA by birds was not enough to meet birds' requirement in the prevailing hot weather condition. This observation agreed with earlier reports (Raja and Qureshi, 2000; Oruseibio and Alu, 2006; Sabah et al., 2008; Onu, 2009; ) of depressed weight gain in heat stressed birds fed diet without AA supplementation. However, similarities (P>0.05) in the values obtained for the control birds and those given diets supplemented with 100 and 200ppm AA could be due to inadequate levels of supplementation to effect any significant difference compared with the control. This observation conformed to the findings of Puron et al. (1994) and Sykes (1977) that no effect was obtained on performance and survivability in broiler birds fed diet supplemented with 200 ppm AA. The higher weight gained by birds fed AA supplemented diet indicated ameliorative effect of supplemental AA on heat stressed birds which corroborated the findings of Kassim and Norziha (1995) ; Mckee et al. (1997); Sosnowka-Czajka et al. (2003) ; Bolu et al. (2004) Sabah et al. (2008) ; Sobayo et al., (2008) and Onu (2009) that supplemental AA improved weight gained by birds exposed to heat stress. The improved weight gain of birds on different levels of inclusion up to 400ppm before a decline in weight gain in birds fed 500ppm indicated that supplemental AA up to 400ppm was within the tolerable limits of birds and that inclusion at the rate of 500ppm exceeded tolerable limits of broiler birds. These observations underscored the reports of Onu (2009) that 150 -450mg/kg was a tolerable range for AA supplementation in the diets of broiler birds. However, the result contradicted other authors (Sifri et al., 1977; Pardue et al., 1985; Faria et al., 1999 and Sosnowka -Czajka, et al., 2005) who did not obtain any improved growth or weight gain in the supplemental groups. (2002) reported that Vitamin C-supplemented diets resulted in lower feed consumption and lower rates of feed conversion. Lohakare et al. (2005) and Sosnowka -Czajka, et al. (2005) did not obtain improvement in feed conversion in broiler chickens due to vitamin C supplementation. However, this result contradicted other reports (Alisheikor, 1980; Njoku et al., 1990; Blaha et al., 2000; Onu, 2009 ) that vitamin C supplementation significantly improved FCR. Pisarski et al., 2003; Lohakare et al., 2004; Mbajiorgu et al., 2007; Ali et al., 2010) that dressing yield, thigh, breast and wing meat were higher in groups which received Vitamin C in drinking water compared to those on control. There were significant differences (p<0.05) in the eviscerated, liver, heart and abdominal fat of broiler birds. Birds on T5 recorded eviscerated weight of 64.86% which was similar (p>0.05) to the eviscerated weights of other birds on supplemental ascorbic acid but differed significantly (p<0.05) from those on control. Other authors (Bonsembinate et al., 2002; Pisarski et al., 2003; Lohakare et al., 2004; Mbajiorgu et al., 2007; Ali et al., 2010 ) obtained similar results.
There was no significant (p<0.05) difference in liver weight among the control birds and birds fed up to 300ppm supplemental dietary AA. However, there exist significant (p<0.05) difference between the birds on control and those on 400 and 500ppm dietary supplementation. The weight of liver of birds on control was highest (1.92%) while birds on 400 (1.63%) and 500ppm (1.64%) ascorbic acid were lower. Konca et al. (2009) observed that up to 300mg/kg AA supplementation did not improve liver weight. There were significant (p<0.05) variations in the heart weight(%) of birds fed 100 and 200ppm AA supplemented diet but there was no significant (p>0.05) difference between those on control and that on graded levels of AA. However, Sahin et al. (2003) earlier reported increased liver, heart, spleen and empty gizzard weight in birds on dietary ascorbic acid supplementation.
Birds fed 500ppm supplemental AA had significantly (p<0.05) lower abdominal fat (0.23) weight compared to birds on other diets and control. Birds on 200ppm had the highest (1.13) percent abdominal fat. This observation conformed to that of Kutlu (2001) and Sahin, et al. (2003) fat of birds on 135ppm supplemental AA and the control (unsupplemented). Other studies (Fletcher and Cason, 1991; Celik and Ozturkcan, 2003 and Konca et al., 2009 ) also confirmed that AA supplementation had no effect on abdominal fat pad yield. Table 4 . Apart from meat color, other organoleptic parameters of meat from broiler birds and control were statistically similar (p>0.05). The observation conformed to the findings of Chaves et al. (2008) on the effect of natural antioxidants on sensory characteristics of sirloins. Janz et al. (2007) also did not obtain any significant effect of different natural antioxidants on the sensory qualities of pig meat. In addition, Pisulewski (2005) , surmised that dietary vitamin C, was not as effective as dietary vitamin E and that exogenous addition of vitamin C i.e. its application to meat cuts, was ineffective in preserving meat quality.
Birds fed 400ppm level of ascorbic acid had the most preferred color score (7.76) though not statistically different from birds on 100ppm supplemental vitamin C but significantly different from the control. However, color score of birds fed graded levels of AA were not statistically different from one another. The difference in color observed in this work could be due to the ability of vitamin C in retarding meat color loss by reducing the rate of oxy-myoglobin oxidation to metmyoglobin. According to Djenane et al. (2003) , rosemary and AA solution when sprayed on fresh beef steaks surface during refrigeration, reduced met-myoglobin formation and intense red coloration of meat; Chouliara et al. (2007) remarked that color parameter of fresh chicken breast meat did not vary by adding grape seed and bearberry extracts. Also, injection of beef with solution of sodium ascorbate was effective in improving color stability and extending the meat's retail display life (Wheeler et al., 1992) . Other researchers (Nerlin et al., 2006; Camo et al., 2008 ) also reported evidence of natural antioxidant inhibiting off-odor formation and discoloration of meat.
Thermal shortening, water holding capacity, cooking loss and pH of broiler meat were not statistically different (p>0.05). The carcass and meat pH of birds across all dietary treatments had higher ultimate pH which declined gradually with time. This could be as a result of declining metabolic glycolysis in the meat as oxidative respiration ceases with passing time post-mortem. Swatland (2008) reported that there were implicit interrelationships between temperature and pH because glycolysis is exothermic and effects of pH very severe when a muscle is still near body temperature. The overall acceptability scores from all treatments ranged from 6.52 in control to 7.26 in meat of birds from T6 but the differences were not statistically different (p>0.05). Expressible moisture (EM) is the percentage of total water in the meat that can be expressed by applied force. Generally, an increase in EM indicates a greater proportion of the water that is held more loosely and, thus, indicates a lower WHC (Honikel et al., 1996) . The relationship between pH and EM has a long way to go with the acceptability parameters of meat which though not significantly different from the control in this work but all (birds fed graded levels of AA) had better score values than the control. The tenderness, juiciness, firmness, and appearance of meat have been reported (Anadon, 2002) to improve as the content of water in the muscle increases, leading to an improvement in quality and economical value. Vitamin C supplementation had no significant effect on the meat of treated birds and control on the overall acceptability scores for broiler meat.
The proximate (moisture, crude protein, ash and ether extract) composition of meat from broilers fed graded level of AA were similar (p>0.05). Obtained values of ether extract of meat decreased progressively from those obtained from control (6.5) to (6.3) for meat of those fed 500ppm AA which was similar to the observation of Kutlu (2001) that dietary supplementation of AA decreases fat content in broiler.
CONCLUSION
Supplemental ascorbic acid was beneficial to the growth performance of broiler birds. At a relatively high dosage above 400ppm, it lowered the abdominal fat deposition and improved the color of chickens' meat. In this study no other demonstrable effect of the supplementation on performance, carcass characteristics, organ weights and physico-chemical attributes of broiler chickens was obtained.
